Most men live in a world dominated by a single periodicity, the alternation of light and darkness. This alternation adheres closely to a period of 24 hours, and all our life is geared to it. We wake and sleep, work and rest, eat and fast in a pattern which conforms to this alternation of light and darkness. The chief consequence of technological advance, is that now it is possible, by means of modern transport, to travel rapidly through several time zones and upset the physiological pattern which is known as the circadian rhythm of the human body.
I had a unique opportunity to study the effects of long distance travel, and traversing of time zones, had on sportshooters when I travelled with the English shooting team to the British Commonwealth Games in Christchurch, New Zealand. I was able to collect information on the subject, not only from the members of the English team but from those of the Welsh, Scottish and Northern Irish contingent. 
The Physiology of Circadian Rhythms
Many physiological measurements show more or less regular periodicity. Rhythmic variation in blood pressure, in pulse rate, in temperature result from regular alternation of rest and exercise. Rhythmic variations in renal excretion result from the rhythmic habit of meal times and of hormonal activity. Variations in secretions by endocrine organs, such as adrenal cortex and medulla result from rhythmic variation in alertness and drowsiness. Variations in the state of wakefulness cause changes in respiration and a variety of secondary changes ensue, for example, changes in blood CO2 tension and hence in pH.
Studies of circadian rhythms of the human body showed the existence of such variations in temperature, endocrine secretions (pituitary, adrenals, thyroid, pancreas, testes etc), kidney functions, cardiac output and in respiratory rate. It is outside the scope of this paper to give details of all these physiological rhythms, but a short summary of the major ones is given below:
BODY TEMPERATURE shows a diurnal rise and nocturnal fall. During massive studies upon sleep (Pieron, 1913) it was noted that the variation of body temperature had an important influence on sleep patterns, and this rhythmic variation of temperature persists even when subjects are recumbent in bed for 24 hours or more. Body temperature depends on the balance between heat production and heat loss, and the circadian variation of heat production and more so of the heat-loss mechanism, is an important factor responsible for the body temperature rhythm; however, recent studies suggest (Adam and Ferres 1954) Temperature rhythm was found to take three to four days to adjust to local time after a 5 hour phase shift. (Burton 1956 ). It was also noted that a young child adjusted more rapidly than an adult.
Pulse rate recorded during transatlantic flights (Howitt, Baldwin, Whitside and Whittingham, 1966) have demonstrated a slow rate at times when the subjects should, according to their usual nychthermeral habits, have been asleep.
Renal rhythms have been observed (Gervitzer 1936) in transatlantic travellers. It was found that after 4 days they were still not fully adapted to the new environment. Similar time lapse was observed before adaption to local time in subjects who were experiencing an 11 hour shift in time. That it is the traversing of time zones, and not the duration or distance of flying was involved, was demonstrated (Hanty and Adams 1966) when after similar flights in duration and distance south to north there was no disturbance at all in the rhythm of renal secretion.
It was found (Flink and Doe 1959 ) that after a 9 hour time shift it took 9 days before potassium and sodium excretion adjusted to the new time, and it took nearly three weeks before the disruption in the sleep/wakefulness pattern gradually diminished.
Recent experiments show that the adrenals were the slowest to adapt to time shift taking over 18 days before they were fully synchronized.
It is, therefore, clear that the long distance air traveller finds himself quite suddenly in a time zone completely out of alignment with his biological processes. Sleep and wakefulness, digestive processes, body temperature and mental activity, may all show quite marked disturbances which, even subjectively, may be noticeable for some days after arrival. It has been found that variations in reaction time appear to be closely related to the body temperature. Circadian rhythms in mental alertness may also be considerably disturbed. The information available on the rapid time-zone transitions on bodily functions is still relatively scanty, but is sufficient to indicate that the physiological and psychological effects of such journeys are considerable and may be rather more long lasting than is at present fully realised. The ages of the shooters ranged from 26 to 56 years old.
After a period of rest to recovery from the rigours of the journey they all experienced to a more or lesser degree disturbances in their everyday routine. These included sleep disturbances, irritability, tiredness, forgetfulness, digestive upsets and lack of mental acuity.
All the shooters suffered from some sort of interference with their normal sleep pattern. The two most common, were early wakening and disturbance due to nocturia; others were restless sleep and insomnia.
Almost all the shooters complained of fatigue, especially in the early evening hours, which was described as 'a sensation similar to that of taking a powerful sedative'. There was a general lack of vitality and a sense of lassitude during the daytime hours.
Other physical complaints were:-indigestion, constipation and visual disturbances.
There was a most notable disturbance in behaviour patterns -principally irritability, and to a slightly lesser degree forgetfulness, and inability to act and talk logically. There was also a notable lack of cohesion in normal conversation.
The average length of time required by the shooters to overcome the above listed effects in everyday routine after arrival at Christchurch, was 5/6 days. The individual figures varied from 2 to 10 days. The time required to adjust was noticeably linked to the age factor. All the competitors aged 40 or over required the minimum of 7 days.
A notable exception was one shooter who experienced almost none of the above mentioned effects; significantly, he is on permanent shift work.
When one came to measure shooting performance against the standard achieved before the journey, the effects of the time zone shift were more pronounced and extended in duration. The disturbances of the time zone shift manifested themselves as far as shooting performance was concerned in; inability to concentrate, lack of co-ordination, muscular weakness and tremor, loss of reaction speed, loss of visual acuity, lassitude and early fatigue; in that order.
Inability to concentrate was the single most disturbing factor listed by the majority of shooters in the sample.
These effects were very pronounced in the first seven days of training, the performance graphs of the shooters showing a very uneven pattern, with gradual improvement and stability achieved towards the end of the second week.
Looking at the individual shooting events, the prone rifle shooters were most affected by their inability to concentrate and by variation in their visual acuity. The clay pigeon shooters and the rapid fire competitors suffered from loss of reaction speed and co-ordination.
The free pistol shooters found that muscular tremor and lack of co-ordination resulting in trigger shyness were most disturbing.
Conclusions
From the foregoing it maybe established that rapid traversing of time zones have a considerable and lasting effect on the performance of sportshooters. Unless a sufficient period of acclimatisation is allowed to take place, (minimum of 14 days in my opinion) the competitor may not be able to achieve his full potential.
Further research is indicated, to try to discover training schedules which will accelerate the process of acclimatisation. There is some evidence already available that adopting a sleep/wakefulness pattern corresponding to that of the subject's destination prior to travel, (pre-flight synchronisation) maybe of value.
I strongly believe as the evidence of my study shows, that training during the first week of arrival should be avoided since the disturbing effects are so great that they may have a profound psychological effect on the sportshooter's performance, even after full acclimatisation. Confidence lost during this period may not be fully recovered, impairing seriously the match performance.
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